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(PATENT) 

IN THE UNITED STATES PATENT AND ■mADEMARK OFFICE 



to re Patent Application of, 




No.: 10/574,264 
Filed: March 31, 2006 

For, DIAMOJi>SBE£UWr^ 

FIGURE AND METHOD FOR FABRICATION 
THEREOF 



Confirmation No : 7154 
Art Unit: 1792 
Examiner: J. A. Miller 



W JAE 1AFI>E1 AND fHlMP JOfiN 




PO. Box 1450 
Alexandria, VA 22313-1450 



Dear Sir: 



IJaeKapLEEand I, Phillip JOHN, do hereby declare and state as follows: 



L We are inventors of the subject i 
identified patent application. 



% Prior to the filing date of the Kley patent (U.S. PatentNo. 7,309,446), we had 
conceived our invention as described aod ! €te&^Jfrfte-^l^^«^:to^.3g^. 
Kingdom, a WTO member nation since January 1995. 



3 As evidence that our work antedates the Kiev patent, we refer to the invention 
disclosure attached hereto as Exhibit 1 . Dates, along with privileged information, appearing 
in this document have been redacted Exhibit 1 discloses, in text and drawings, conception of 
the invention of the present application from a lime prior to the filing date of tie Kley patent. 



3970045,1 02078064JSO 




e invention was coupled with diligence in reduction to 
e Kiev patent and ending with the 
of the invention — :U. r tfxe filing ofttte present 

No. KR 10-2004-0083710, filed October 19, 



5. As evidence of due diligence, we refer to another "L 
Forai W to revise and update IDF as Exhibit 1, attached hereto as Exhibit 2. AJso, we 
refertoan overview and schematic of the patent revised on 28: May 2004, attached hereto as 
Exhibits Exhibits 2-3 show progression of the experiments Final revision date ofExhibits 
m is shown by screon-prurt attached hereto as Exhibits. Also, we refer to pages of fee 
disclosure of the subject application that I personally prepared, attached hereto as Exhibit 5. 
WeJefer to a translation of the disclosure of Exhibit 5, attached hereto as Exhibit 6 We refer 
to a document that was used to transmit the disclosure of Exhibit 5 to the proper personnel to 
be used for fding a patent application for the invention, attached hereto as Exhibit 7. A copy 
of Ihe translation of me Exhibit 7 is also provided as Exhibit 8. The transmission of Exhibit 5 
is dated July 8,2004. We refer to the. assignment of the disclosure of Exhibit 5 to the assignee 
of the subject application, attached horetoas Exhibits. A copy of the translation of the 
assignment is also, pro vided as Exhibit 10. 



true and that all statements made on information and belief arc believed 




made herein of our own knowledge are 
to be true; and 
;e that willful false statements and 
ction 10 01 of Title 
eopardize the 



Safest \P. H ^oU >oo^ 

Dated: /g M><Mr&U >f*S 




Phillip John, Inventor 
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Technology & Research Services 

INNOVATION DISCLOSURE FORM 



Dear:lnnova ; tbr0) 

Thank ydu for completing this form m&- providing as mtich irifof motion as yea can 
about yoW. innpyafioi^ 

Technology & Resear&i Services. . (TRS) toII undertake 3n initial: im^igafiori of the 
commercial potedi^lof yom mnovai^n gftg a prior art search. If this is encoitfagirig, 
T&S,, with, your help, will produce a Preliminary: Business Case arid, present the 
oppprtimiiytprtlje; next Innovation, Bkploitatim Board (IES) meeting; 

If the 1MB support the case theaTKS resources will be .utilised to fully investigate the 
eommer^iat expfeitatio.n Of your inna^aten and file, a patent application ifapproprtate, 
therefdre- it, is important you: provide us with as much information as possibfe atout: 
yout invention, Please, note that all boxes axe expandable to ae^tnmodate as tmxQh 
inforrnatipii as you ham 



Please teturft the GDjnpleted I 


DF along with any supporting documents: by e-mail, or 


iiit^riial-post^r 




'T^^G^J&chmlQg^ Traasf 


er Manager,. Tectufiol^ & Research Services 


mJc:C0x®hw.ac,uI<: 




For TRS Use Only: 




I Received, on: 


Case Numbers 
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1 . Summary of Your Innovation 

LI- Title of y our Novation: 

A method fer the fabrication. ;of mfcro-diamond holtow shells 

1.2 Single sentence description of the unique, aspect^ of your innovation 

A controlled: method for producing Inert Mllow diamond shapes: for storage,, 
preservation and 'transportihg of materials with : controlled release properties. 



1 3. Field 6t $oi^n e^teeliiiol^ your inuo^atipn belongs to 
.Diamond coato technology ... , 

14 Qj* what, dm cW ymimi mshz mm$ or -sketches about your uiMvatton? Is. 
tills m l&k&mmy W<5t*ook(s^ compute disc, etc? 



X Technical Description tit ^oxttlmm^m 

2.1 toa few sent0nc^$ please ©xplain profelem that ydoi^ : innovation 

solves? 

Tte technique provide? a.teehniqu& for the fa of hollow three 

dimensional shapes of CWD dfamond. 

Current methpdolqgtes that the team are aware of can only produce shapes at 
the macro, scale but this technology provides a process for producing 
microsGaje hollow shapes:. 
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2.3 Background to .pui^hrjovatlom . please describe the closest prior public 
knowledge (prior art) system(.s)toiethod(s) yoaare aware ofi.aad any 
disadvantages they possess. 



13 Whte is new.or umqive; ateut. vtoMiov^mn? How doqsr it impoye cm the 
closest prior : :art;fecnbgS=atev^ 



TWfs te^hniqire: praxes mferan scale WIow shapes The: fiolim sfia^esteve 
an apertttre wfoisli allows material to be pfaced inside the &Mp&1®rstQteQB:, 
presemten ortraRsport purpose Th& technology will: -sltowifte 'size offh®: 
aperture to fee controlled providing a method for cbntroHing the rate of release 
of material ffom the hollow -shell. 
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Please explain your, invention folly, so that someone with reasonable technical 
knowledge could .reproduce it. (Please attach, any diagrams, sketches, 
equations, etc which may be useful or relevant). 



Diamond Diamond shel 




The technique involves coating the 3D surface object with GVD diamond then 
chemically etching out the support material leaving a hollow diamond 1 shell Ar 
can be coated. 




The hollow diamond shell can then be filled with /biological or chemical materials 
Enhanced attachement can he achieved hv -using a-vartetv ofmpfhods to the diamond 
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surface e.g ; covalent linkages. 



2.5 Please give, one or more particular examples of how your invention may be 
performed in practice,, including a description/of the preferred or ideal 
example.. (Please include experimental results and results of trials on 
proteges if available..). 




• Conditions to provide a continuous GVD filim over; support surface 

• Leave an area uncovered by diamond coating to allow etching material 
to enter to remove support. This is done either by contr clffhg processor 
including a blocking agent 

« Conditions to prevent mioro^supports from coalescing 



2.7 What do. you seeas the mani inventive concept of your innovation? 

Tte inventive cotieepf is the ^fitiging together of a number of standard 
processes to provide hollow shapes tor transport, preservation and storage of 
material. Standard processes for 
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18 What do you see as the maiji technical a#antages and benefits : of your 

innovation? Pleasamake a.distmcti on betweeft commercial advantages aiid 



The technique pr&wdes! a. method fdr lhe ;pro:ductipn; of inert; mtero^cropic 
diaaiend slwfls whfeii ;can be used for the preservation, storage and taspo 
and cteteery ; of molecules in a controlled fashion. 

An inert, material such as diamond provides- advantages in that there is no 
cross reactivity of the Gaffiiershetl with either the contents of the shell or the 
medium into; whieh.is being introduced. 



On^rhg: research m $m gmpw\6<mn§ attheattaphment meehanismsifor 
molecules to:; the diamond, swrfao^whioh would provide further coritral on the 
release or retention of molecule^ wrthtn -the shell ^ 

19 Pa j^^^pittiws^tibn as a • 'basic concept* invention, or more as an 
'Improvement"? 



.2, 1 0 What stage of development is yoiu v ;iriHQvati0.n at (e g, concept, prototype, 
computer stm>ilation >: etej? ,lf you have: built ^ protot^e and/or carried our 
expenments^hav-fe you &Wms&:simm&\l results? Please desctibe yotir plaii 
to achfeve a prototype if not at fcat stage; 



2. 10 Thinking laterally - c&uld your invefttibn'have applications in technical fields 
other than your own field of research? If so please explain. 
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3. Owtiemhip 

■■Sol Has anyone other th^o yourself ever worked on this \r&mfflbn (ie.g, student 
ttsmcft fellow, company ^plovee, visiS: % feH coi&irtot etc)? if 
please give d&tafls.. 



3.2 Pfcase give feFUkL flame, i^chiding middle -.names; epmpld-e home address 

mvqived in tbigj jmiiov^oiUPtease indicate fee-refative preerilage 
ecmtnhuteas or those having mM*&f$k$ (t^i^rQii^^) tnptrt 



3.3 Didail the im^ntdrs Create the: itoovadcftvertlirely vvMle.em^loyed by Herioi- 
Watt University? If not please give" detaik 
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3 A Was the. work, on this innovation tiuded in any Way from any source outside 
HenotrWalt Uniyemty {e.g. research council, government grant, European 
funding, Mt^tml sponsorship, coitsiatancy; : etc)? : Please^ give details of all 
funding me;d ott ihis innovations deluding research .grant nuraber(s). 



iS Did this, funding involve a sipied; Agrisemetf ;^ mteUeetual property or 

consortium agreement).? If :<4 Yfes iv ple.a^ give &mll$ and include a copy of the 
agi^in^nt. 



4r. Mmbmm I. llj^&ty 

4. i fee anx 3^a.S:"of ;, mMbm^on on, your innovation b^n 

* Fi#ift'edv;"Qir su&mitted fprpublfoation, m a journal, hook, research 
mernoiandun^ abstract conference proceedrngs. trade-press-, newspapers, 
magazines, puBiicity handout,. Univej^Jty prospecius or annual- report, etc 

0 Displayed on a website or in an etecttonic journal 

*- Mufed in a: poster display within the University, ai a ewference, etc 

* lMlu<fer:fo a msearchor ^anl-application 

<* Incftjdeii iii a student^ tfie^Svpaper, psster, $K? 
a OtecfeseS « a^iio^ m any ate written or 

orafcforrn 

ff^esr ptease give speei§c^ta& -i alluding the datefc) of disclosure, 



4.2 ffeve yoir^anytihs else tooled vwthyour innovation) ever comxrumieated 
ahoutyotif innovMiSn to^yqnfeTO 

fflctedlng stud&m. (W*iing fending applications and report^- conversations 
^k^hone.m^ting^. fetters* e^ail, presemat^^ 
igdiou etCvp hkm you (or any due dse ijiyoiv^i \mh your innovation) ever 
demonstrated a prototype to my im not Employed by HeriofrWatfc Unfversiiy- 
ifrcl^mg.sffident^'Jf ^Y^iT' please give details. 
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4.3. Istheie^ 

invention (e,g, pubWcatrcuir, coiifei^e^sentatian w poster, etc)? IF yes 
please gi ve the dm mil demits of the plmined- disclosure. 



4,4 Please give rfet^ils tfany previous patent applicatfoiis-by 
field, indudfeg any fe theptesent 'mventtori,: 
discontinued, patent ^plications. 




5. Pxm Art 0utiMy mAm kmwMge} 

5,1 fb^&mmm^^M^mi m t&wlmti m^M^d work fethis area? te 

yofc are mm ot or have fen^; ^mcfife^^the main.saurces of information 



5,2 Ta fa^iJfia^te s^rehiikg for prfOT^rtpJea^.e supply. 
Mam^ of fedfeg^earebers .fefcYIMd 

Names of competes worldh&tft Ms.iJeki 

Key descripti ve words to search on. 
©Heriot-Watt:Uniyersity 200 1 
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6. Commercial Opportunity 

6 J. •WhaS*are s ^e4^fefiti^ns or ftdldsrof^ 



6,2 Plea$e list the unique benefits of yaut innovation to a customer/user 



6.3 WhfmiM^mpmm use;yoiU' inaovatibft rather, tto the current 
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6.4 What potential, blocks are you aware of thatmight prevent companies using 
yoyr innovation (e.g.. switching costs, entrenched competition, testing 
reqiiirements,.legisiatiye restriGtionsetc)? 



6.5; Qkm^wxm of my m^am^&mtym have Mentifiedwho woiildbe 
interested! k your ^novation. 



UQvemion? 



6 7 Please summarise any market volume or Vatoe information you have and the- 
source{sj,In particular, ptease : estimate the- vatue .of this innovation. 



6.8 PJeasie ^tmmiattse how youl^rilt t^ opportunity you have : 

identified might be :exploited y to itiMtet. 



5;9 Please: estimate the time required for; your inno vation to be readyfor 

exploitation (Le. ^ien,cotild.you,haye. a product/service ready to be offered 
for sale) and tile, costrequiied to reach, this point? 
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Declaration 

I certify that, to the best of niy amities, the infomratioi* given on pages ; 240 is true 
and accurate. 



Professor Phillip Mm 



Dr Jae-Kap Lee 
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EXHIBIT 2 



Technology & Research Services 
Heriot-Watt University 

INNOVATION DISCLOSURE FORM (IDF) 



Dear Innovators) 

Thank you for completing this form and providing as much information as you can 
about your innovation. y 

Technology & Research Services (TRS) will undertake an initial investigation of the 
coinmercial potential of your innovation and a prior art search. If this is encouraging 

SL^JT 5^ Pr ° dUCe " Preliminar y Buaness Case and presenf the 
opportunity to the next Innovation Exploitation Board (IEB) meeting. 

If the IEB support the case then TRS resources will be utilised to fully investigate the 
commercial exploitation of your innovation and file a patent application if appropriate 
Therefore it is important you provide us with as much information as possible about' 
your invention. Please note that all boxes are expandable to accommodate as much 
information as you have. 



tot^Wto^ C ° mpIeted IDF 310118 ^ m * su PP°rting documents by e-mail or 

Mike Cox, Technology Transfer Manager, Technology & Research Services 
m.k.cox@hw.ac.uk 



For TRS Use Only: 




Received on: 


Case Number: 
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CONFinr. NTIAT, WHRW COMPT KTV.n 

1 . Summary of Your Innovation 

1 . 1 Title of your innovation 

A method of fabrication of diamond shells 

1.2 Single sentence description of the unique aspect(s) of your innovation 

This innovation provides a method for fabrication of diamond shells of which size 
ranges from several urn to mm. 

1 .3 Field of science/technology your innovation belongs to 
Material 



1 .4 On what date did you first make notes or sketches about your innovation? Is 
this m Laboratory Notebooks), computer disc, etc? 



2. Technical Description of Your Innovation 

^ 1 Solves?" SCntenCeS piCaSe 6Xplain P articul ar problem that your innovation 

This innovation enables us to make diamond shells, of which sizes range between 
several urn and few mm, which have never been fabricated v*t 



2.2 Background to your innovation: please describe the closest prior public 
knowledge (prior art) system(s)/method(s) you are aware of, and any 
disadvantages they possess. 

Diamond has eminent chemical and physical properties. Diamond has been 
synthesized by high pressure and high temperature (HPHT) method since 1 955 and 
chemical vapour deposition (CVD) method since 1980s. The typical shape of HPHT 
diamond is powder (urn), grit(hundreds urn) or bulk(few mm), while thai of CVD 
diamond is film which grows on a substrate. 

The appearance of the CVD diamond films is determined by the shape of the substrate 
used, whether they are subjected to or free from the substrate. The <LlZ o tne 
diamond films is up to several cm 2 of which the thickness can be controlled by 
deposition time from nm to mm. Freestanding diamond films can be made by 
removing the substrate after deposition. 

Conventional shapes of diamond are powder, grit, bulk or film. No shell-typed 
diamonds hollow are reported. 

2.3 What is new or unique about your innovation? How does it improve on the 
closest prior art described above? 
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This innovation provides a method to fabricate diamond shells in a range of several 
urn to mm m dimension, of which inside is vacant. Figures (external shape) of the 
diamond shell can be changeable-spherical, triangular or rectangular etc 



2.4 Please explain your invention fully, so that someone with reasonable technical 
knowledge could reproduce it. (Please attach any diagrams, sketches, 
equations, etc which may be useful or relevant). 

Diamond films are deposited on a spherical silica substrate by conventional CVD 
method, but not covers its surface fully. The silica ball served as a substrate is etched 
out m an acid solution. As a result, diamond shells can be fabricated. The appearance 
at the diamond shell is changeable by using different shape of the substrate 
Procedure is shown as follow; 



Diamond 




2.5 Please give one or more particular examples of how your invention may be 
performed in practice, including a description of the preferred or ideal 
example. (Please include experimental results and results of trials on 
prototypes if available.) 

The diamond shell can be used as a new container for a valuable and feeble miniature 
An example is a DNA preservatory. 
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2.6 Please summarise the technical features of your innovation that are essential to 
its working and those that are important but not essential. 

TTiis innovation is a marvellous combination of two well-known techniques, CVD 
diamond deposition and etching the silica substrate out. 



2.7 What do you see as the main inventive concept of your innovation? 
Etching the silica substrate served for diamond coating out 



2.8 What do you see as the main technical advantages and benefits of your 

innovation? Please make a distinction between commercial advantages and 
technical advantages. 

Fabrication of diamond with a new shape of miniature shell by using conventional 
well-known techniques. These diamond shells can provide a new application 
commercially available. ^^^^ 



2.9 Do you see your invention as a "basic concept" invention, or more as an 
"improvement"? 



2.10 What stage of development is your innovation at (e.g. concept, prototype, 
computer simulation, etc)? If you have built a prototype and/or carried our 
experiments, have you achieved successful results? Please describe your plan 
to achieve a prototype if not at that stage. 
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Thinking laterally - could your invention have applications in technical fields 
other than your own field of research? If so please explain. 



3. Ownership 



Has anyone other than yourself ever worked on this innovation (e.g. student, 
research fellow, company employee, visiting fellow, consultant, etc)? If "Yes" 
please give details. 



Please give the FULL name, including middle names, complete home address 
(not University address), including postcodes, citizenship, University 
Department (if possible) and status within the University of each individual 
involved in this innovation. Please indicate the relative percentage 
contributions of those having an inventive (non-routine) input. 
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3 .3 Did all the inventors create the innovation entirely while employed by Heriot- 
Watt University? If not please give details. 



3 .4 Was the work on this innovation funded in any way from any source outside 
Heriot-Watt University (e.g. research council, government grant, European 
funding, industrial sponsorship, consultancy, etc)? Please give details of all 
funding used on this innovation, including research grant number(s). 



3.5 Did this funding involve a signed Agreement (e.g. intellectual property or 

consortium agreement)? If "Yes" please give details and include a copy of the 



4. Disclosure / Publication History 

4. 1 Have any details of , or information on, your innovation been 

• Published, or submitted for publication, in a journal, book, research 
memorandum, abstract, conference proceedings, trade press, newspapers, 
magazines, publicity handout, University prospectus or annual report, etc 

• Displayed on a website or in an electronic journal 

• Included in a poster display within the University, at a conference, etc 

• Included in a research or grant application 

• Included in a student's thesis, paper, poster, etc 

• Disclosed in a non-secret/non-confidential manner in any other written or 
oral form 



No 



If "Yes" please give specific details including the date(s) of disclosure. 



4.2 Have you (or anyone else involved with your innovation) ever communicated 
about your innovation to anyone not employed by Heriot-Watt University, 
including students, (including funding applications and reports, conversations, 
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telephone, meetings, letters, e-mail, presentations at conferences, television, 
radio, etc.)? Have you (or any one else involved with your innovation) ever' 
demonstrated a prototype to anyone not employed by Heriot-Watt University 
including students? If "Yes" please give details. 



4.3 Is there any planned date for a first (non-confidential) disclosure of the 
invention (e.g. publication, conference presentation or poster, etc)? If yes 
please give the date and details of the planned disclosure. 

No 



4.4 Please give details of any previous patent applications by the inventor(s) in 
this field, including any for the present invention, and including any 
discontinued patent applications. 

No 



5. Prior Art (Publicly available knowledge) 



5.1 Please summarise all prior art (disclosed or published work in this area) that 
you are aware of or have found (indicating the main sources of infomiation). 



5.2 To facilitate searching for prior art please supply: 
Names of leading researchers in. this field 
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Names of companies working in this field 



Key descriptive words to search on 



6. Commercial Opportunity 

6, 1 What are the applications or fields of use of your innovation? 
DNA preservation or DNA microarray 
Miniature container 



6.2 Please list the unique benefits of your innovation to a customer/user 
New shape of diamond 

Absolutely stable miniature container 

6.3 Why would companies use your innovation rather than the current 
techniques/solutions/approaches? 

There was no this kind of diamond 



6.4 What potential blocks are you aware of that might prevent companies using 
your innovation (e.g. switching costs, entrenched competition, testing 
requirements, legislative restrictions etc)? 



6.5 Give the names of any companies that you have identified who would be 
interested in your innovation. 
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6.6 What geographical territories do you think would be the main markets for your 
invention? 



6.7 Please summarise any market volume or value information you have and the 
source(s). In particular, please estimate the value of this innovation. 



6.8 Please summarise how you think the commercial opportunity you have 
identified might be exploited, including route to market. 



6.9 Please estimate the time required for your innovation to be ready for 

exploitation (i.e. when could you have a product/service ready to be offered 
for sale) and the cost required to reach this point? 



Declaration 

I certify that, to the best of my abilities, the information given on pages 2-10 is true 
and accurate. 



Signed Date 
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[ASH 

£ ^tg£. v}o]=L3. (micro) 3.7}$) 4 6 K<&H H (diamond shell)^: 
*r Sife M^l ^|as 37] f- ^tgeq ^naMH, 2« 

7)# ^sH^ofl o]*^ £ 371^1 $>H*1 cfoj^j. ^cl^H H# ^ 

£ 1 

CVD, *Ha5L, % ofl ^] 



i 



^6]o>tH H*) ^^{A method for fabrication of diamond shells} 

^ 2fe CVD 4*l^Hf^7ll A]~g-* H WW 4 

( ^A-Jf^l tfl$ Jfjr -M^ ; l: 3L*H(W7\ 2: tMof&H «]•, 

3: **, 4: *, 5: ^o] d >^=^ ^ 6: #5 ^p K 7: ^ 8; cfojof^. 

41 *I)S. ^3 ^uj-oj 4c 1o >^h# 7l^^3f-(CVD)^^r oJ-g-SM, ifl 

CVD ^lo^HMiflWA MaUfl: 100 Torr, 800 °C)^ 1980^qH 
7fl^«H, 4KH -fr-fr* ^ ^ CVD r4o|6|-^Hl- ^ ^o. 

(^s «>tt i ^ #5r^H 3* ww^i ^n, h^u m w %ns_ 

71^11- «*4*Mfe ^ ^ W**, hot filaments, *|#*ti 

Ma^KDirect current plasma)^, nHHfi^^i «^*Kniicrowave p i asma) ^ ( 
z)#g3 o>3 ^llm(DC arc jet) Hi * <^ 1H^«1 /fl^sH 4*5? a &4. 
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-?HS 714(3^3^: ^ ^ ^ yvnT- ); 71^o.^b| l-e] 

€ *Kr^-(free standing) ^ /an o]#4 ^f4)S. o]4 ^-^ CVD 

CVDM $M, 1955^ GE A Hl A i 7flifr€ Ji^r3l^(high pressure and 

high temperature(HPHT); 5^ 7]<&, 1400 tO^H-M ^M^Hfe ^ 

«Jj /an ol§>^ ai7ll- cubo-octahedron 3.<#£\ ^7>(grit) EEfe IHf^ltr £^ 

(powder)^ n 4. *H HPHT £3 ^JM^Ifc ^(Single crystal 

growth)^ ^ tj-olbf^-c^ ^ W 371^1 bulk M<>14. atr, ^ 
*1<>HM 7fl^ 4^-(Detonation)^(^ 10# 7l<£~l,000 °CHH «^<^^^ cfoio> 
■S-H^ nm~^r /an 371*1 2.<£M l-ff-^t!: 4014^;^ ^^-olt|-_ 7^0) 

*KHLfe ^Bflol^. *- 40] = 7 j. Tg^et, 

°1 71-^^31, *H 451- ^ jjSr 46l6>€-S.^ 5L<££ ^^tj.. 

4<=]4^« W sv ^tRr CVD^^r 4°]*>e^5l 3 

7] ^ 5L<£4 ^£L^ ^ ^7l# P>^^H, ^K^f- ^ 

cnf 371*1 tf-olo^s. ^^.7]^ ^ enfs)- #(dome) ^Bfl^ t)-e]6> 

£H *Kh 4# ^ flSa^K^fe ^ 2 mm 

=L^, 71$ CVD M7]^S, 37l7> 4 6 l3^ iflJf7 r «H - 

7l#s^ ^ H(shell) 4^ o^Ef 

fl«H 9>#^ ^ ^m~^ mm iH>H €*Hr 371*1 4 

tr&H ^lam ^ Xl^r ^o!4. ol - „ 

6 ) d >^.c 4^. ^4*t ^, M» Aj-g-sH *11^^^ ^Tlt*.^, xfl^- 

7> HH&fe € ^ ^f*l*}eH# aflaSil- ^ 7]1^S}^ dl zi 
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^ <M #31^, 3717]- ^ /zm~^ mmSl ^ iflo]] ^^j. 5.7$ $M1 

€-H ^#*l^r 7}^d\] <gB\%\, hot filament CVD, microwave plasma CVD 
direct current plasma CVD7} ^ ^ Si*- 1 ^, ^ S# ^a] e}<>1 ofs-H q-fl- 

^4 ^>^>7ll -B-^l^ ^ Si cf. ^-Aj^7l rfold}s.^ ^^Aj ^ £ g ^ 

^ 4*1 <>r^ f-Aj ^6|] 7}^ CVD ^^HH ^O] i§^7]^ 

^0}6}^7} W<5] ^ son . c 

bath*lH ^R^^> #^153 3.^0] ^o,] scratchl . ^AjAi?l s^^. 

t^-Ol^H f-AjAl, £7fl*l <|1^£^ r4olo]-^H PVo] ^^Al go}^ 

SRr31, 6 1 CVD^ 4*1^H ^Ha} s.^71- ^c^^l^ ^-4 & 

^5l^> 6 r2fl^(7l^4 ^^£)Al ^ ^bl Af^^^Tll « *T £4(5. 

2 £ft fl)^ 4fJE ^ ^A]# V)&<!\ ufcl^H-aAfl- Af^} 

Al^sl 4^°W -iein 5.71)3 <^^1- xi\ ^ t^c)o}^ <q* }7} ^ # 
*H CVD 4*l*Ha-S^^7l. *H^r*l ^§>J£^- §>fe # ^ o}4. 

¥ #*fl ^Itt 4 6 l<>r^ *M ^2?7f«- HF ^-g-«H -ie] 

7}!- °f|3 «M *)l7i*Kr ?W4. 6 1 4*<HH ^7H?l7l $\*ft HF ^ 

7 r «*Mi+, 2^ JjL^ ^ 

^ #*H, ^7} HH Slfe 4°W«-H « ^ 

4. at!-, 4»14^h ^^HlAi, s.^01 ^ a}^ 

Al?U 4 S^Sl 3711- ^Sj-Al^ Tj-f, 3.7} ^ ^ S7 | 4oj:^ ^ 
4^ <T $m. Cf6l6>^H ^^-Al^ Cf0l6l-^.H nj-51 £aj 
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°l*HHfe £ ure* ^*V4. 

£ i£ £ ^4 44^ ^o.s, ^#4 -g44U) a^H CVD^A 

s. 4«14*h 4(2)£ 1Hti>4(7}, 4). 4<^1^h 4 m ¥ ^44(1)1- HF ^ 
■£«H # 7 ). .^oj ^Tjtfjis*!, 4<>14£-s. -i(4)^- 

*r $14(4). 

£ 2^r 4#^H ufolc^H ufE}-^ ^ol^i, 

W3°J CVD 4<>14«.1H^44 ^44. 4^-M( 5 ) ^14 7F^(^ + ^i 
€)* %^4444 4*11 #4^4(6)7} jMsl Af.§.^ <i44(i)*r tf<7) 

4°fl $14. 7>i 3^, ^ 

Sfe 44 ^ 7}^ l~20% CH4, 10-200 Toit ^ 4 600~1000"C^ ^|<H«4. 
4*l<*&Hfe s_*M q^44 V*wm)3, «44, M'l 343*11 44 3 
4 £ H 44^ y}s|. ^-o) 4o]6>€-= ^( 2 )^S ^#4. 4 1H44 
a^H 4*1] ^« ^ &4. 6 1 :z^H4 oj. ^ ^ ^ ^ ^ o] 

£fe <84<i3l4 CVD 444^HH <£4r ^ 5U4. J2.3flfi] 7f^Aj # 

^^M^, 4°14^h4 °J4 ^44 ^41- ^ 

£ 2^1 44^ 3£ #4^4* °l-g-4£r e|« 44^£ 

CVD^l ^- «a-B^4 &4. #4^47} *J^£)x| ^ 4e)^r 

hot filament CVD#4^ <r &4. 

6 14°fl4^ ^3144 €4 6j|i- ^ g. ^ 
-& Mai ^47> 444 -€4 <^]o]] o|efo^ ^J^r 444. 

< €4i 1 > 

4ol3M*l« #4^4 CVD^# 4^ 50 ^44 ^(silica 
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sphere) 4H, 10 *m tJ-ojo^H-t ^a}-^ SMiM* ^142^ 1%, <& 
n 40 Torr, 7l4£rS 650 °C, 7}+$-% 200 seeing 4. ^4#*Hi«]3(SEM)* 
°l-8-*M 4 6 K€-^ ^4 tfl^^- g 

(island)l-oj ^H°VS-H ^ -g^-fe (100)^1 ^ 

€ (100)^4 (111)^6] ^ fl <g ^ ^^-a ^h- ^ ^ 

*1 nano-structured 2z^4r JS.$t}. 41 ^ n}g. aajifiaj-fe f-^A] ^ 

^ #^p> intensity 7} 4)*H 4^ tJ3*r*l 44^4. 
HF <^*«|4M 24*12: ^o> 6(1^^4. o\]% 60 ° C ol&4. 6)1^ * -43 

al-g-«H €4 ^7> Hi ^01^ 40] 4^ ^.g. 4^ 

«- <r XI Si 4. H ^ ^-Jflfe 5-10 /m°}9X^. flJM cl-^^H <^4# 4 

AJ)6)|^ <£o^ 

< -a^H 2 > 

AjAi^i 14 ^ 8 ^ 4 0 ] 0> s. H# ^4534 ^4#4 

d l-§-*H €^^> «t!- ^4 bM ^.^o.s «4 

»4. *1 HF <f+<M4 24AR> f-tf 44**4. eo °Ol£4. 

6)1 * ^A>^>^n]^^. o]^.*>o^ ^4 401 6>^-C ^4s.ol 

4^4. 4°1 <gx>3 ^7)i^ 4~ 8 ^ 01^4. 

€(shell)-i- 42i^r ^ *n ^ ^ ^4_ 01 bi^ 4oio|.^ ^ 4^4 

jl-fMHj$! 443^ #33.4 biocompatible ^4 DNA4 ^sj 
44 ^ hHjjlm* -§-7)4, s*om ^-4 a]^ 

i m mm ^ $1^ * 7 is. ^ ^4. DNA ^ ^ 

7], field emission display(FED)4 ^^^Jl^., ^ $J4. 
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EXHIBIT 6 



[ABSTRACT] 



A method for fabricating micro-sized diamond shells is disclosed. Diamond 
film is partially deposited on micro-sized silica (matrix) by employing chemical 
5 vapor deposition (CVD) method and the silica is etched out for removal, to thereby 
obtain diamond shells with hollow inner space. Diamond shells with various 
shapes and sizes can be fabricated by varying the shape of matrix into sphere, 
tetrahedron and hexahedron or varying the size of matrix. The size of diamond 
shells to be fabricated is in the range of several jum and several mm. 

10 

[Representative Drawing] 
Figure 1 

[Index] 

is Diamond, CVD, micro, shell, etching 
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[DESCRIPTION] 

I Invention Title] 
A METHOD FOR FABRICATION OF DIAMOND SHELLS 

[Description of Drawings] 

FIG. 1 shows a schematic view of the process making diamond shells by 
partially depositing, by using chemical vapor deposition method, diamond film on 
spherical silica 1 as a matrix, and etching the silica 1 out for removal, in 
accordance with one example of the present invention; and 

FIG. 2 shows a schematic view of a diamond deposition on spherical silica 
by employing typical CVD diamond deposition apparatus. 



Explanation for the major reference numerals **** 

1 : matrix (silica sphere) 2: diamond film 

3: opening 4; diamond shell 

5: diamond deposition chamber 6: plasma 

7: P ,ate 8: diamond particle 



[Technical Field] 

The present invention relates to a material field (ceramics), and more 
particularly, a method for fabricating hollow diamond shells by applying CVD 
method to diamond as one of ceramics. 



[Background Art] 

CVD diamond deposition method of which condition is about 100 Torr of 
pressure and 800°C of temperature was developed in the 1980th . The CVD method 



now becomes a technique typical enough to fabricate various CVD diamonds 
applicable to industries. By employing the CVD method, a source gas (usually, 
methane) is activated by being boiled or by plasma in a vacuum chamber, 
diamond nucleates on a matrix in a particle type, and grows to be polycrystalline 
films. Types of CVD methods may be classified according to how to activate a 
source gas. Several deposition methods have been developed and used so far, 
including a hot filament CVD, a direct current plasma CVD, a microwave plasma 
CVD, a direct current arc jet CVD and the like. Typically, diamond film is deposited 
on a plate-like matrix (substrate) with several ran to hundreds m in thickness. 
Such diamond film is used with being attached onto the matrix or used as a 
freestanding diamond film independent from the matrix. As such, a diamond film is 
generally obtained by the CVD method. 

High pressure and high temperature (HPHT) method, of which condition is 
1400°C of temperature and about 50,000 atmosphere of pressure, developed by 
GE Ltd., in the United States in 1955 prior to the CVD method, enables us to 
synthesize grit-type diamonds in a shape of cubo-octahedron whose sizes are 
below hundreds im in diameter or irregular shaped diamond powders. Diamond 
obtained by employing a single crystal growth method carried out under the HPHT 
conditions is a bulk type with several mnf j n size. Also, detonation method 
developed in Russia of which condition is 1,000°C of temperature and about 
100,000 atmosphere of pressure enables us to synthesize irregular diamond 
powders with several ran to hundreds pa in size. So, diamond powders which are 
similar to natural diamonds are typically obtained by adopting the HPHT method. 
However, since diamond is a high pressure phase of carbon, the deposition 
conditions of the HPHT method are severe, resulting in limitation of shapes of 



diamonds to be obtained under such conditions. 

CVD method depositing diamond films below atmospheric pressure 
brought an opportunity for much overcoming the limitation of sizes and shapes of 
diamonds, which allowed fabricating of diamonds with diameters in the range of 
5 several to tens erf, or dome-shaped freestanding diamonds with diameters of 
several erf (and also with thickness below about 2 mm). 

However, the existing CVD deposition technique could not allow 
fabricating of diamond shells with hollow inner space with micrometers in size. 

10 [Disclosure] 

[Technical Solution] 

Therefore, the present invention is proposed to fabricate diamond shells 
which cannot be fabricated by the related art technique, in particular, to provide a 
method for fabricating diamond shells with desired sizes in the range of several pm 
15 to several mm. An object of the present invention is to provide a method for 
fabricating hollow diamond shells by partially depositing diamond film with preset 
thickness on a spherical matrix (silica) in the range of several pm to several mm, 
and etching the partially deposited matrix using chemicals. 

20 [Mode for the invention] 

To achieve this advantage of the present invention, the present invention 
proposes two processes of fabricating diamond shells. 

The first process is to employ CVD method to deposit diamond films with a 
thickness of several w on a silica matrix in the range of several w to several mm 
25 in size. An apparatus to be used for synthesizing a diamond film is such as a hot 

6 



filament CVD apparatus, a microwave plasma CVD apparatus, or a direct current 
(DC) plasma CVD apparatus. Similar synthesizing conditions to the conventional 
methods can be applied. In order to promote nucleation of diamond and nuclear 
density at the initial stage of synthesis (deposition), diamond may be pre-treated 
before synthesis or a matrix may be biased. Here, the pre-treatment denotes a 
method in which a matrix is put into a beaker containing alcohol with find 
diamonds being dispersed therein, and vibrated in an ultrasonic bath for a preset 
time to scratch the surface of the matrix, thereby promoting nucleation. 

Upon synthesizing (depositing) diamond films, the matrix must partially be 
uncovered with diamond films. The partially uncovered surface may be used as a 
bottom zone (a surface not in contact with a gas phase) of a silica particle, which 
is in contact with a plate on which a matrix is placed upon the diamond deposition 
using CVD method (see FIG 2). Also, during the pre-treatment using the fine 
diamond particles for promoting nucleation speed and nuclear density, a partial 
surface of silica matrix is blocked from fine diamond particles, thereby preventing 
nucleation of CVD diamond particles. 

The second process is to put a diamond film deposited silica in HF 
solution and etch the silica out for removal. During this process, in order to 
increase etching speed, the HF solution may be boiled or ultrasonic vibration may 
be applied. 

Through the two processes, hollow diamond shells can be fabricated. 
Further, during diamond synthesis, diamond shells with various sizes and 
structures can be fabricated by varying the shape of matrix into sphere, 
tetrahedron, hexahedron and the like and varying the size of each matrix. Also, a 
surface morphology of diamond films can be controlled by varying diamond 



synthesis conditions, thereby diamond shells being fabricated with vari. 
morphologies and surface characteristics. 



Hereinafter, the present invention will be described in detail with reference 
to the accompanying drawings. 

FIG. 1 shows the processes of the present invention. Diamond film 2 is 
deposited on surfaces of spherical silica 1 by employing CVD method (A and B). 
After the deposition of the diamond film, the silica 1 is put into HF solution to etch 
the silica 1 out for removal, thereby spherical diamond shells 4 with hollow inner 
opening 3 being obtained (C). 

FIG. 2 shows an exemplary diamond deposition apparatus by synthesis of 
a gas phase. This apparatus is the same as a typical CVD diamond deposition 
apparatus. Plasma 6 is generated in a vacuum chamber 5 to activate a gas (i.e., 
H2 + methane). Silica 1, as a matrix, is placed on a plate 7. Main conditions for the 
diamond deposition are controlled as follows: 1-20% CH 4 in the source gas, 
10-200 Torr of pressure, and about 600-1 000 1 of deposition temperature. The 
diamond is nucleated on the matrix and thereby diamond particles 8 are generated. 
During deposition, the diamond particles 8 are gradually grown to be diamond film 
2 as shown in FIG. 1. The thickness of films may be controlled by varying the 
deposition time. As shown in the drawings, if we stop the diamond deposition 
before the film formation, CVD diamond particles can also be obtained with 
nanometers to micrometers in size depending on the deposition time. Also, matrix 
temperature and gas composition can be varied to control the structures of 
diamond particles and films formed. 

FIG. 2 exemplarily shows a deposition (synthesis) apparatus using plasma. 
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Plasma may be formed by direct current, microwaves and the like. Such 
apparatuses are well-known CVD apparatuses. Also, hot filament CVD apparatus 
which is a diamond deposition apparatus without plasma being formed may be 
employed. 

Hereinafter, the present invention will be described in more detail with 
reference to the detailed examples; however, the scope of the present invention 
may not be limited to the following examples. 

<Example 1 > 

Diamond film was deposited on silica spheres with 50 m in diameter by 
employing a microwave plasma enhanced CVD apparatus under the condition of 
1 % methane composition, 40 Torr of pressure, 650°C of substrate temperature 
and 200 seem of flow rate for 10 hours. In SEM observation, some silica spheres 
revealed diamond films covered partially thereon. Others revealed diamond 
15 islands without diamond films being continuously covered thereon. Surface 
morphologies were (100) dominant, (100) and (111) facets mixed and partially 
nano-structured without a specific surface being formed. Such variation of 
morphologies depending on samples reveals that deposition temperature and 
plasma intensity during deposition are not fixed with respect to positions. The 
20 samples were etched out in HF solution at 60 1 of temperature for 24 hours. In 
SEM observation of the samples after being etched, diamond shells with hollow 
inner spaces were revealed. The thickness of shell walls was in the range of 5 - 
10 m . Diamond particles were also partially observed, which were obtained from 
the sample (i.e., diamond islands) without diamond films being covered thereon. 



25 
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<Example 2> 

A diamond deposition was performed for 8 hours under the same 
condition of Example 1. In the SEM observation, silica surface partially revealed 
diamond films. This sample was etched out in HF solution at 60 1 of temperature 
for 24 hours. In the SEM observation of the sample after being etched, diamond 
particles with thickness of 4 ~ 8 m were observed. 

[Effect of the invention] 

The present invention can provide a method for fabricating diamond shells 
with hollow inner space which couldn't be fabricated in the related art. Such 
diamond shells can reveal chemical stability as a specific characteristic of 
diamond and biocompatibility. The diamond shells are useable as a container for 
preservation of biomaterials, e.g., DNA or bacteria, or as a container uniformly 
supplying chemicals in creams or lotions based on time. Also, the diamond shells 
can be applied to DNA separator and detector, electrode materials of field 
emission display (FED) and the like. 
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[CLAIMS] 



1. A method for fabricating diamond shells with hollow inner space by 
partially depositing diamond film on a surface of a matrix with a geometrical shape 

5 by employing a chemical vapor deposition (CVD) diamond deposition method, and 
etching the matrix out for removal. 

2. The method of claim 1, wherein the matrix supports CVD diamond 
deposition, and is formed of a material etched by chemicals, the shape of the 

10 matrix being variously changed into sphere, tetrahedron, hexahedron and other 
shapes. 

3. The method of claims 1 and 2, wherein the size of the matrix is in the 
range between several pm and several mm. 

15 
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STATEMENT OF INVENTION (LEE JAE KAP) 



Title of 
invention 


Korean 


«HH3. 4^ ^ 


English 


A method for the fabrication of micro-diamond hollow shells 


Application 
Fee 


Expected Country of 
Application 


Payroll 


Account No. 


Korea 


1000000 


2E18160(general) 






Type of 
Invention 


In-service Invention 



internal and external patent as to the invention stated above. 



assign every right for 



Attorney JANG WON, PARK 



[For statement of invention] " 
We would like you to take over the invention stated above. 
Enclosure: 1. Specification 

2. Each copy of documents submitted in Korea Industrial Technology Association 

- Technical description 

- Overview of technical development 

- Specification 

- Prior art examination 

- Executed letter of support project for patent expense 



[For statement of program registration] 

We would like you to take over the program stated above. 

Enclosure: 1. Application of program registration 

2. Overview of program 

3. Letter of Attorney 



Date posted: July 8, 2004 
President 

Korea Advanced institute of Science and Technology 
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